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(54) POWER SEMICONDUCTOR DEVICE 

(57)Abstract: 

PURPOSE: To enable semiconductor device to be composed of GTO in 
lower voltage than conventional one with less switching loss by specifying 
the maximum impurity concentration of the second conductivity type base 
layer not to exceed a specific value. 

CONSTITUTION: A p-type base layer 4, an n layer emitter layer 5 are 
formed on the surface of an n-type base layer 1 to compose a mesa, a 
cathode electrode 6 is provided on the n-type emitter layer 5, a gate 
electrode 7 is provided on the p-type base layer 4 while the gate electrode 
7 is connected to the p-type base layer 4 through the intermediary of a 
high concentration p-type contact later 8. At this time, the p-type contact 
layer 8 fills the role of lowering the contact resistance of the gate electrode 
7 and the p-type base layer 4 as well as the lateral directional resistance of 
the p-type base layer 4 while a p-type emitter layer 2 and an anode 
electrode 3 are provided on the underside of an n-type base layer 1 . 
Accordingly, when the maximum impurity concentration of the p-type base 
layer 4 is set up not to exceed 2 x 101 7cm-3 as well as Ws=200|im, Wm=40 
urn and Ws.Wm value not to exceed 10000um2, the ON value can be 
lowered without cutting down the interrupting current. 
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(57) [^#J] 

^J15i. n§a^-*Ji2©Kffi«C^J55Sft:tepSEx * 
<!:. p lx ^-^1 2 tci^lt e> n/c7 / - Fit 3 <!: , 

2X10 17 cm ^TCC-r^, 
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(2) 

1 

»ccrw ^> *-i/c$«m@ <h , itrtB^ 2 aims' x s * *ji 
tcm*t>tittm i cr)^m@i , mrtam i mmm^ ^ v * 

[OOOl] 

[jSSLh©*iJffl^»] *&WM. GTO (Gate Turn-Of 
[0 00 2] 

W)l*»fl«^© 1 ot or G TO*J 

GTOti— «CD1^^ »;^^TW^pnjffittea»- 

^HO/J^Sfifb. Wttfl&ffctfBftS. GTO(t np 

^^®cc«^v- F^i^en, p^-^jiccij 

[ 0 0 0 3 3 m 1 9 S£5^CDyifMGTOCD^^#i& 

£^-TIK®^C£>£o 1 0 1 iz^mtfxDnm^- 

1^-^110 4. nix? * £Jil 0 5&m%MtiiS 
tltt^, p^-X110 4, nlx5'^1 1 0 5 30 

[0 0 0 4] C0<t ^fc^im. nS<-Xl 
1 0 lCDSPCpl^-^Il 0 4^rML, *^TC 
CDpM-^-^® 1 0 4CD^®tCn^X5 9 105?: 

I 0 5 tcx y ^>y»ax-r^t:<bccj:o#6n 

[0 00 5] nix$ *2J11 0 5tete*7V- Km® 1 

oeaPRtt&ti. pi^iio4fc«y-hiii 

0 7*iRtt6*lTl>£. y-hWl0 7ttH«S©P 40 

1 0 8 ^UpS^I 1 0 4dcm 

[000 6] — ni^-Xl 1 0 1 0««pl 
15 vZM 1 0 Z&Rtt&fl, COp^i$^110 

2&u*t — Hiti 0 3#t&tte>n-ti,>£ 0 c<d^f- 

£r*->:i->^&fC«:, h^@l 0 HCtlV- FK 

II 0 5 j:0iWnI^^I 1 0 HcaA^n, C 
n&CJC&DfcMOiE^L^P^x^ ^11 0 2^6nM^< 

1 0 ltcaAStiatt*. eWASEH^jBcOX so 



%$mW*& - 2 5 0 7 0 8 

2 

@1 0 7 5CiE©«E*EPSDL«:< Tfe. 

[ooo7]-*, m+*z->*7?2>ic&* y-v 

WcJ:->Tp1x5 £Jg 1 0 2^6nX5 *2JI 1 0 
blCffitiX^tcsEnmWtfliy- Mfl 0 7COW^X 
nli^-^1105*^ ©l^A*i±^ ^> t 

[0 0 0 8 ] CCt, jE?L«Sfc«pS^-XJBl 0 4£ 
Ig^fa&C^ft-cy- h^Sl 0 7CC/'W^;*£;h,£<D 
T\ pl^il 0 4<D«£a#X€H>d:. +^CCp§^ 

^-*m 1 0 4 ^ejEjLma*^- hm@t<cgfu~e# 

[0 0 0 9 ] f CT? t |»(DGTOrit pM^-^Jg 

1 0 4<o^tt«j«K*+»cciK< ut>r (5x1 o t7 - 

1 x 1 o" cm- 3 ) % mj<ajmmmmtt* < lx^ 

L*>U pI^-7§10 4«W^il<t 
# — >^>B#CCpM^-^il 1 0 4tpX*r* V T 

i^-^i 1 0 1 ^om^&Afi#4>fr < 

[0 0 1 0 ] CCDjg^ nl^-Xl 10 1 <D2?V*~ F 
[001 1 ] 

Totc*>or«, m^^jummwt (m^z—>*ym 

UK LTl>£#5, ^-^^^JCp^^-XJlifir^i- 

[0012] ±fa^tt^j^tLr^$n/c^ 

ffl^{*^g^^«T ^ c i t-c ^ ^> . 
[0013] 

mstmifcr z>tttb<D^m ^mvj&mi&T z>tc#> 



■* 

(3) 

3 

icwzwbtitcm i ©iiii, mzm i s^mx s » * 

[OOUlS/c. *$MB©flfc©«#ffl^f**iH (SB 10 

2 ©5MB) B, m«^^~*»©*ffiK^83*ifc: 

SI 2 ««S8 C©^2^M^-XjlCD^® 

tcBf&z titcm mmm* $ v zmt. nwas^awss 
m2titcm2mmm*zvzm±. «wa»2»«^- 
mtz-w&f htittm i <D^mm± . mzm i sm^s-x ^ * 
*r-3weai»« s *i -c * strtHge 2 * ji © 

**:^«W«S3W2 x l 0"cm- , HT, iuia^2©^ 20 

i mmm^ - * m<om <* © 1 / e eLL-c* ^ci 

[0015]*fc, #«§B©f6©«*ffl^»f*«K (» 
3©«£) B. »la»«H^-^»©*ffi«CJgfiE3n/ii 

n^si i mmm^ * v *?mt. mtzm 2 mmm 
^-xii s^t w©mrt 1 a*«S'<-*jB©g£fficc» 
^c$n/c^2^^x ^ y$mt. f(rfa^2^mM^- 

■tcRit 1 ©&■«& . tuiam 1 iii^ 5 ? 
* » kr e *i fc* 2 o^it tfrhtzz mtjm 
*^#e?uj&j58 $nr&o, tut an 2 iii^- x ©© 

**:^*B!»i«ffi#s 2 x 1 o l7 cm-m mrieJff2©^ 

sr 1 iiix ^ > *jg©ggstt&ti<t©»a3 10000 

[0016]$/c, *»W©ffi©«&/B*3»f*SBa (» 
4©9HB) B, *la»^«^--XJB©*ffi(cjgjaj3*xyt 
#2 5JWSS C ©J?l 2 - * H©3l® 40 

tc«j«3 n/tsg 1 2»^^x *y*mt. w&m2 mmm 

aocRtt htitcm 1 ©^^@<t . mrfan 1 mmm^ 5 * 
£ m f cr w e n /cgi 2 ©3Em@ ± rnxm 

9UX»8 s tir «c 0 , Wisss 2 ^im-^- */i© 

«^^F|i6^?gS^2 x 1 0 17 c m- s «T, g«Tialft2©£ 

ia?^-<-^JB©J»3©i/e«±, B!rffi*2©±a 50 
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fl6*^r»O^^I9IB*BIBr««BI±©86»li. iftiais 

1 siix ^ * zm&mimmtemtcDmw ioooom 

[0017] 

wmi *«w«©wssK:<i:nw, *«»©*?• (gt 

O) «®*C:kC>T, SI2^^^-*Ji©^^«q»iS 
fi**2X 1 O 17 cm- 3 ^CCU-C^>mjE^i»CCffi^ 

[0018] _hffi»iscc*-^i»/c*»M«: 

##H8#©W^CCJ:fttf, *^0J© 
(GTO) «BB*c*5l»T\ ^2^^-<-XJl©^ 
**M«Mfl»* 2 x l 0 1 7 c m- 5 «T©i#^, 

ftfl£©fl|3Vl 0 0 0 0 Mm 2 tiTr*n«, «e*<fcH 

[0019] Ufctf^r, ±I3Sim5c:S-^l^cW#*a 

T3&t>^s ^3, *4©«WC<tntf, 2xl0 17 cm 
" 3 J^T. 1 0 0 0 0 urn 2 JMTCC-rntt, &KW&<Di& 

[002 0] 

(» 1 ©n)feCT) m 1 *^^©^ 1 (Dmmwicmz 

^flGTO©SfiM^1"Mt*S. CtiBl 
^twlttoD, C© < fc ; 5^^^GTO^:I2^'J^ 
a U 4> © *5*«Ba©«*ffl*a»««« i&6. 
[ 0 0 2 l ] Htfi, l BlBffita©nSa^-^JB*^Lr 
430, C©nS!^-^IBl©*MCCBpS^-^Ji4, 

4, niX5 7^15«y^ffiSLtl^ a 
[0 02 2] C©<fc3fcy-tf«^B. Mittf, n^-<- 
^Jai©*ffitCpS-^— ^J14*^JiSL, ^^^r-c©p 

tt. p^^— ^JB4. nZ&x-* y #18 5 4: * IrtRtcx-v 

* > y ftp x -r ^ c i cc j: 0 » e> *a ^> . 

[0 02 3] n^i^ y ^®55CB*V— K«fi6*«R 
1*4. h*«7Bi«i«a©pS=«>f ^ hJ18*^ 

hJBB. y-h«fi7ipS^xM4i©3>3r^h 
«S*Tlf pS8-<-^«l4©«*rtaaa*T 

[0 024]-^, nS-^-^I 1 ©HffiCCBp^X 5 
9drJB2a^Rl^6tl, C©p^x 5 9 *JS2 (CBT-/- 
K«fi3^R(ft6tirir»«. nM<-XHWWS 
mnxl0 1J cm"\ pI^"Xl4(DiAT«ifi 
g«2xi0 17 cm- J «T 4 nf^XilOI|$«6 



(4) 

5 

5 0 /im, nix 5 v $M 5 OHWW^ | tiWm(J4 0 u 
P>^^FniC6)©^Wgg[J140Mm, T 

[0 0 2 5 ] n^i5 ^^@5cr>HW^i|iiWmitt, 

CDitlr$>0. 0!);U;J!, mi 8&C*jVrj;5fc:, pI^>^ 
^ M8^nix$ sr dr»5««rt*r«JiS3tl"Cl^ 

|& I CDfli # W m -C $> & „ 

te, HBW^Cn^x^ ^ ^@5 0cp^^Jb(t»p^^<-X 
IB 4 ©:RS«fi«ffi<D 5 «*©^K WftK-C * Z> . Pi 
^-XJB4©«^*6«fi«K, Wm, Wgg, Ws©a* 

[0 0 2 7 ]g]2«, p^-XH4©ft^«fi««a[ 

tt©jSK««*f#-5fc2«>K:£2*&Ws iWmiOS (W 

s -Win) EW* JS5HF*i(Dffl»ae 20 

[0 0 2 8 ] g]2#>e>> pM^-X14<D^«« 
B»*2x l 0 17 cm-M4ifi^6^>mHV F jW&jttCch 
^L*&6£ 0 t>!EV F 3rTtf£CU*, 

2X10 1 ' cm-'JKTCC-rSCisWaiOt*. 
[0029 ] *>mEEV F CD_h^Sfitf:, p^-x| 

i£A 5 p SS*<- ^ JB 4 *T'IE?L i L , 

-So 

[0030 ] |^2#>6, ^cDGTOil^JfiJSO 

MfK^£f#&fc#CC^&Ws -WmOtti, pS^ 
-X»4<D«^^«iB!«ia3&S2 x 1 0 w cm- 3 ^TO 
n«tttf 1 0 0 0 0 Mm 8 T— ^M^it 

[003 1 ] Ltc&-iX. Tt^mmcOJz^HC. Ws = 2 
0 0/itn ( Wm= 4 0 Mmi Ws • Wm©K 1 0 
0 0 0 Mm 2 «TtcK5e-rn«, t>lEV F £®< s 

[0 03 2] ^/c, lOOOOMm 1 WTW pS^ 

-^i4 (om^mm\ssL<ommi>^ < r *> , se*© g 
TOiEigacDj«Kwst*ssccs6n-s. ps^-* 

H4©a^qR» i KJiSfi* s lSt><b, Z-isJry&fOilElKD 

3l#ffil/S«W>J^S . Ws - Win, ^ttl 

tf, n ix ^ -^i 5 <tfe^->^7t 

—-h. pM^-x»4©fyc^*e««ffi^fii^ 



1*58^8-2 5 0 7 0 8 
6 

&c. Ws •Wm^$<t^^S^S. 
[0 0 3 3 }gI3«, Wg g/Ldiff<t*>^JEV F <b 
ORIffiSr^-rWttH-r**. £/t, S3ic«. Wgg/ 
Ln B <L^>mjEV F tCDJgffiSl'CiS. Ldlfftt 
WffiAttHSOnS^-XHOSttftS, Ln, «ni^- 
XJt<DJ¥3-C£>& 0 

[0 034] 13^6, Wg g#Ldiff<fc9 fc*a< 
<h:*>1§EEV F ^^RCC_h^T^C<b^^0, Wgg 

[0 03 5] nl^^i0f$Ln. MS, W& 
Atttt© n - X JB ^ffiffeScD^ 6 fatUOft © r , 
Wg gfc£nM^-*JlCDJl£<D6 7>CD 1 £ K) A€f < A£ 

il£ = 6 5 0 um, Wgg=14 0mn«:RSt<iK, 
Wg g « L di f f <fc 9 A£< fr^, ^*>^EEV F <Dffil>Jrf 

*ifi9mv*Z <*2©#MJI) . 
[0 03 6] fr*5. ±®LfcC£j&>6, Ln, /6 <W 

gg<1 0 00 o/wm<DW»e>n^, M 

m) 

[0 03 7] $»Mt1JnIx^ * £JlCD|g^ 

g= 1 4 0 nmtLtcW^tiXKltt <-Ci>Mi<K CCD 

[0 03 8 ] M6ipM^- 
^M£cr>n>^ ^ FWI (^*— h h^M) "CCD 

[0039] cc^m Lr^->mffcc^orcD 

ti. t^^cDGTOcDnM-^-^HctJCD^i' 7Mfe «fc 

[0 0 4 0 ] B4 (a) «^>tt^CD^i* «; T$Mfc 0 
4 (b) — >*y<D7 A-CCD^-^ 'JT^ 

^I4 (c) ^^^-{ATO+tyTM^l 
1214(d) K_bfS*K«0 

[0 04 1 ] ^^-^^-<A^<b'^->^^CD^« % 
tt'J T (dn/dx<0) <D%$ft(D* 



(5) 

7 

+ y Twrnrnz ti % ^<d^ * * y rfmnftftifiE 

(dn/dx>0) <D$m<D*+ VT&mttiZtiZa 

[0042] fc/ci, +t';r#ffi©a»tt*y-Fffl 

<£f a pnp <^^Ci S. 

[0 04 3] 2->*?rp<DXJ v^>#m9t&. * — 

[0 044] 
[SSI ] 

Q off — /" n / ( 1 — a pnp ) dx 

ffbase 

[0 04 5 ] C0S*^, nffl-^— *JB5C*5l»Tdn/ 

dx<o<oi^ii^tci, 9i*»z.ti&* Vkfmz 20 

•C#m/Jv?<t^Ci^ Q Qff ©ffi»CCOfc3&*9 

[0 04 6] 7^-;i/^i^«*cDaJ^cci:b-<r^:# < ft 

0. dn/dx>0r^-S©r 4 C^Jr^^TO, 
[0 04 7] h^fcifCDaSA 

Kioni^-^iBo+t yrs 

asw^i»**^cor, +^Cdn/dx^h$<r 30 

^c^^g^^i^-cgm^ * y Twpti < % ^- > 

[0 04 8] L2»U T^-F^a-h 

J:^^C, e£*OGTOCCj£^T, dn/dxOl^t© 
*<D£M&M<D±X(DmW-cn±teK> , 40 

Lftl><> 

[0 04 9] CCDJC^CC, ;*369!<D»^K:tt* *7V— F 
fflO^t y 7*H#SnOfca\ T^-FfflJO**yT#A 

(wc*d>«*-tf*c<!:#-c^ secern- FJ/s-ni 

[0 05 0 ]i7«, TS-Vmotr+VTOm&t* 50 
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ni^^WKd n/d x(Dfi«^}iot, ■^y? 

itttc^-r yTowfe^tfJbnScfc^ccL/cti^©^^ 

Ut7-«, plx5 * £ftrJ(DnM^~XJtCc^AT 
(ff!2oo|§fife#J) El 8 5*. *^(Dm2CD3ISfeM«:^^ 
l ©ytMGTOi^l-^gp^K:«0 i tm— 

[0 0 5 l ] Chtt±iEU/c7^- FVa- h«Jg*» 

5 y # m 2 (DM^fc?^^? n/c^gjgo n mm&m 9 ^ 

[0 0 5 2 ] tfcfcOGTOOJgl^ n^tgig^S 
£tLas«, LdiffCD^j2(&J^±CC|9:^$nri^ 0 C 
n«lLas^<tS<!:, T V - KfflJ©* * y T#?& 
4>U S»*+yT3W«5l>U *>«BE3&«l«<ttS*»6 

[005 3 ]-^ *SSSfc«T» % ±&LtcJ: J ?t l c. p 

<t&C<J:CL P§^-XJf, Frr>^^ h^-C(DW*§ 

OttV7) ^Win^Or, L a s teLdiffCDlSf 
2^T&ClT£Ci#T*#£ 0 Site, Plx^;« 

[005 4]!^. nS^-^iCDWSB, ^i-yrat 
ffcg<D6f£mgT?&£<£rC\ Las^ni<-WJI 
£cr>l/3J^TK:LTk, t>^IE«±^b^^ e CCD 

[005 5]i9tt 2t^*te^JCQ>^MGTOCD^-> 
*y&m~e$>Z>o La s« 1 7 0 Mm-C£>&o ni^- 
XJKDil£#6 5 0 Mm-Cab^CD-C. Las iini^- 
XJIO/ISCD 1 /3WT-C*^ 9 09*^ ^>mjE« 

t£*£l*IDT\ ^-Ji/««««e*«:j;t^r»i/3Jca 

(»3©^*W) Ell Oti, *»ISO»3<0iafi««:« 

[005 6 ] cn«§7fC^rp^x^ y^m2M(D 
nM^-xm 1 tci$? — ^Ab^'C* 

«illiWr fc* y - FM©* t V 7«S6* J: 5 fc? 

Cim, ^-YA^-Y^^^-(D?g!jm^fi?)-5Ci^ 
[0 0 5 7 ] ^^rS^O^-y-MGTO^lCDllM^ICD 



(6) 

9 

WtV\t % UMOSF ETCCj:^«ifts&aKr^J:5«c«c 
ot(<^ 9 ^cbO^->^EE«g£*J:*3 *>f&OCDT?, UM 
O S F E T & C t CC J: * tf>WBZ>Jb#M*ra« 

[0 0 5 8 ] HI 1 SC*5C>T. 2 1»FU-Y>««, 2 

S. 2 4»y-HB»li. 2 5ii^hm 26«V 

^in^o cne>{c<fcoruMosFET3WgfiSsn 10 

[0 05 9] #g»&W(C«fc*i«. UMOSFETW0 

[0 060] fr*5, fcfeitBW««UMO S F E T©J8 

(S*5<Dj|jS0S) HI1 2 Si. *«?8©«f5©ltifeWC« 
£ y IfSSG T O^flH^mt Kli-C* 20 

[0 06 1] *^^OT0^1f^GT03WS^4C5^|jfeM© 
*-tl<bMtt£j£f£, UMOSFETOKfoOJC, — 
tlMO S F E T^rffll^C <b 5C*6o 2fs^£iSW~C&, 

^yflGTOO^iS^riRlEir*^, 

[0062] &mfam<DJirmGTOi>m4<Dmmm<D 

«p^t*;KDMOS FET(DV^li3 4CcJgMU 30 
T(,>£. COMO S F E T© F U -f >W3 6 »iHl$ 
ft, V- F««3 5««JIR3 7JCj:»)--5EO«BE*SEnlJn 

83 8tcaift3*rCl>&. &*s. 3 1«p^lt, 3 2 
[0 0 6 3 ] S«<DjttK63:UMOSFET«:<tOfftt^ 

858Kl<J:«3a^EE3&^- hmffi7 fCEPflnSft, 40 

[0 0 64] (»7©SB6«, *8 0Stt6ffil) HI 4. 
HI ^ft^ft, *H*«©»7, »8©5l«Wt 

^^"Iz-tiGTO <0*-7-«Hfi*^r WrfflH"C * £ . 

[0 0 65] C*ie>«Hl 3CD^aJ^->^^Iilg§^rlg 

TWK*M^fc'«"C*S. »7 0DHJfi«-c«^-h« 

8 ©SM^Hi HH@7K:j:9fT&*> 
ft, $->5f^«jJiJ©^- h^®4 2«:J:9fT&;bft so 



%$m¥>S - 2 5 0 7 0 8 
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£ 0 *->*>B$K:ttIE«E (Wx.«, 1 7 V) £EpjJD 
7tt*6ii^ltM?tltfcl MOSFET^JB 
[00 6 6] ttfc. *^«±^Lfc^fe0(CcPK^3n 

tiGTO^ h U>?iGTO^felittS 0 HI 
6, HI 7ft. Zrtl^tl, ^U-tSGTO, Fb>? 
IG T O©*^ «BI*^tKiH*^t o FU>^G 

6&*»BLTl>&. C<D*£Jfl. JR-T-BaBffl^fcSnro 

[0 06 7] ±fB3l«lWI"C«, 01i^n 

Si, i 2 p I <!: L fcil^ffiPCC^ ^ 31 

[0068] 

2««S^<-^JB©*A^ft«li«K3W2 x 1 0 17 cm- 3 
«T«cT*t:<!:fcj:»K ft* J: 9 fcG TO 

[HHoflHUtttHin 

[H 1 ] #2fePJ§<DH 1 <0^«l«CC«^^^SiGTO<Z)* 

[H2] pSa^-^»©*^««««fl[i*>«BEV F 
±©KI«. ^6WctK3fc©GTOiEieaoiSK«ft* 
ff^/cii?)(C^^Ws <bWmtCDSCD^ffi^7K-rH 

[03 ] W& g/Ldiff<b^>mEEV r i(Did^t 
*St40 

[H4] 1£*©GTO©nM^— XJB*©** l J Tftfo 

[05] +t'Jmo«» (dn/dx) 
tifeiSipa^apnp <b«flk«S<b<DH««^rWttH 
[H6] *^fcJ:0*«^0^ t 7M?:^1"S 
[07] ^^7^>fA + 7-C[)+t'; T^^ti 
[18] *«^flC)*2 0SIJIlWc«-5^1fSLGTO©* 

[H9] *^fcJ:C>*S^<Dyif^GTO(D^->^>' 
S9^^*TH 

[010] &&W<OM3<Dm&WiCffiZ>s<VMGTO<D 

[ill] **98©*4©SB»««:«s^*a[GTO© 
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